The retina, situated as it is at the back of the eyeball, is an accessible readily manipulated area of the central nervous system. It can be studied in situ, either in vivo or in an isolated eye-cup preparation, or it can be removed from the eye and maintained free or as a membrane (see McIlwain & Voaden, 1975) . In all these situations it may be stimulated by its natural stimulus, light, and its functional statemonitored via the electroretinogram.
Fig. 1. Schematic diagram of (a) the major constituents of the vertebrate retina and (b) a rod photoreceptor showing its relationship with the pigment epithelium and Miiller fibres
The layers are: ( 1 ) pigment epithelium; (2) photoreceptor outer limbs; (3) outer limiting membrane; (4) outer nuclear layer; (5) outer plexiform (synaptic) layer; (6) inner nuclear layer; (7) inner plexiform (synaptic) layer; (8) ganglion cell layer; (9) nerve fibre layer; (10) inner limitingmembrane. Thearrangement shown does not signify a 1 : 1 relationship between photoreceptor, bipolar and ganglion cells. M = Muller cell cytoplasm. (Dowling & Werblin, 1971 ). The synaptic complexes and their interconnections have been discussed by Stell (1972) . Impulses through the retina are modulated at two levels.
Horizontal cells provide an inhibitory surround affecting bipolar cell activity, together with a feedback inhibition to photoreceptors, and amacrine cells provide a feedback inhibition to bipolar cells and also inhibitory modification of ganglion cell responses. Apart from the five types of neuronal cells there is one predominant type of retinal glia, the Miiller fibre (Fig. la) .
In spite of the many attributes of the retina that make it suitable as an experimental material the potential of this tissue to serve as a model for less readily accessible areas of the brain has barely been realized. The aims of this review, therefore, are to show ways in which this might be possible, to compare retinal functioning with that of the brain and to survey briefly our knowledge of neurotransmission within retinal tissue.
Glucose can be catabolized in retina extremely rapidly (Lolley, 1969 ; Graymore, 1969 Graymore, , 1970 ; Krebs, 1972) and the rates of respiration and aerobic glycolysis in vitro are reported to exceed those of cerebral cortex by 2-and 6-fold respectively (Lolley, 1969 ; see also Long, 1961, p. 805) . However, the rates may be changed by variations in the experimental conditions and this may alter the relationship (cf. Long, 1961, p. 806). The influence of buffer composition on retinal metabolism has been discussed by Graymore (1969 Graymore ( ,1970 .
Comparisons of retina with cerebral tissues are complicated by the presence, in retina, of the highly specialized photoreceptor cells, a major part of the gross metabolism of the tissuebeingassociatedwith them (Cohen & Noell, 1965) . Hexokinaseandmalate dehydrogenase predominate in the photoreceptor inner limb where there is a dense aggregation of mitochondria ( Fig. 1 ) and phosphofructokinase and lactic dehydrogenase activities peak in the inner synaptic region of the cell (Lowry et al., 1956 . The hexose monophosphate shunt is also present in the inner limb and is involved in supplying NADPH for the reduction of retinal to retinol in the visual cycle (Futterman et al., 1970) . Its turnover is increased in the light-activated retina.
We know littleof the overall metabolicchanges that occurwhen theretinais stimulated by light, most investigations having been done on the bleached (non-functional) tissue. However it is reported that steady low-intensity illumination will depress respiration not only in the intact tissue (Sickel, 1972) Enoch, 1967) and perhaps a switch to the utilization of substrates other than glucose (cf. Cohen & Noell, 1965) . In contrast, a flashing stimulus will cause an increase in respiratory rate (Sickel, 1972 ) and a decrease in creatine phosphate and ATP within the tissue (Lolley, 1969) . The profile of the changes in high energy phosphates is reminiscent of that reported for electrical stimulation of cerebral cortex slices, as is the increase in ammonia production that also occurs when retina is exposed to light (see Graymore, 1969) .
Parallels between the functioning of the retina and brain are particularly apparent when the fate of radioactive substrates is followed. Tracer studies have shown that a proportion of the glucose utilized by retina is converted into amino acids, in particular glutamate, y-aminobutyric acid, aspartate, glutamine and alanineare formed (Catanzaro et al., 1962; Sickel, 1972) . Moreover, when glutamate or acetate is metabolized a much greater production of glutamine is observed (Chain ef al., 1962 ; Starr, 1974) , and its specific activity exceeds that of the total tissue glutamate pool. This has been established not only in rat (Starr, 1974) but also in frog (Kennedy et al., 1974) . As glutamic acid is the immediate precursor of glutamine the implication must be that the tissue contains at least two pools of glutamic acid. Similar results have been obtained in brain (see Van den Berg, 1973) and, as in brain, aspartate, y-aminobutyric acid, leucine and bicarbonate are also effective precursors of glutamine via the 'small' glutamate compartment (Starr, 1974) . The location of this compartment is not known with certainty but radioautography has shown that in the rabbit (Ehinger & Falck, 1971) and frog (Kennedy et a/., 1974) [3H]glutamate enters into the Miiller cells (Fig. la) .
The glial compartment has also been suggested as the major location of the small glutamate pool in brain (Watkins, 1972 ; Van den Berg, 1973) .
Why metabolism within the central nervous system is organized in this way is not certain but it hasbeen proposed (seeabove) that it may relate to theroleof y-aminobutyric acid as an inhibitory neurotransmitter, the suggestion being that y-aminobutyric acid when released by neurones is taken up by the glia; replacement carbon atoms can then be returned to the neurones in the form of glutamine. It is therefore pertinent that a growing volume of evidence suggests that y-aminobutyric acid may function as a neurotransmitter within the vertebrate retina. However, wide species differences exist. For example, in frog and goldfish, light adaptation is accompanied by increases in endogenous y-aminobutryric acid concentrations. In the frog this is associated with the amacrinecell layer (Graham et a/., 1970; Graham, 1972; but cf. Voaden etaf., 1974) , but in the goldfish it occurs in the horizontal cells (Lam & Steinman, 1971 ; Lam, 1972~) . In contrast, endogenous y-aminobutyric acid concentrations in rat and chicken retina are reported to be unaffected by the adaptational state of the tissue (Starr, 1973; but cf. Pasantes-Morales et al., 1973) . In addition, radioautography has shown that in mammalian retinae, exogenously applied y-aminobutryric acid is accumulated into glial cells (Neal & Iversen, 1972; Marshall & Voaden, 1974u,6 ), whereas in lower order vertebrates, e.g. goldfish, frog, pigeon and chicken, it goes only into neurones (Lam & Steinman, 1971 ; . Insufficieilt data exists to evaluate the role of y-aminobutyric acid in mammalian as opposed to other retinae but the results imply fundamental differences in the ways that the two groups handle the amino acid. Correlations with the functional characteristics of the retinae have been discussed by Marshall & Voaden (19746) .
Electrophysiological evidence suggests that glycine may be involved in synaptic transmission in the retina (see Voaden et a/., 1974). It is actively taken up by amacrine and ganglion cells (Bruun & Ehinger, 1972; Voaden et af., 1974; Marshall & Voaden, 1974u,d ) but nothing is known of its metabolism in retinal tissues.
Another amino acid suggested as an inhibitory neurotransmitter in the central nervous system is taurine. This is the predominant free amino acid in retina (PasantesMorales eta/., 1972) and preliminary evidence suggests that a major portion is associated with the photoreceptor cells (Cohen et al., 1973; Kennedy & Voaden, 1974qb) . Its functions are unknown but apart from being a putative neurotransmitter it is recognized as an intracellular anion which may help to regulate tissue excitability (Jacobsen & Smith, 1968) . Light affects the taurine concentration within the retina (Pasantes-Morales et af., 1973, 1974) but species differences exist (Starr, 1973) .
Little is known of the chemicals mediating neurotransmission between photoreceptors and the second-order neurones. Following from the observation that photon reception is followed by hyperpolarization of photoreceptor, horizontal and some bipolar cells, it has been proposed that an excitatory transmitter may be released from photoreceptors in the dark but i s stopped by light (see Dowling & Ripps, 1973) . Acetylcholine synthesis has been detected in turtle cones (Lam, 19726) but not yet in other species (cf. Stell, 1972) . In addition glutamate and aspartate have been suggested as transmitter candidates (Cervetto & MacNichol, 1972; Dowling & Ripps, 1973) .Theenzyme patternin the inner limbs of photoreceptor cells, particularly the high activity of glutamate-oxaloacetate transaminase, does suggest that they may be geared for the production of aspartic acid (Lowry et al., 1956 ), but no conclusive evidence has yet bem obtained.
Studies on this region should be aided by the observation that photoreceptor pedicles are sheared off as units when retinal tissue is disrupted by homogenization .
In addition to influencing the electrophysiological output of the retina, an excess of glutamate will cause disruption of the inner neuronal layers. This effect has been discussed by Lolley (1969) .
Evidence for the presence of dopaminergic and cholinergic transmitter systems in retina has been comprehensively reviewed by Stell (1972) . Both may function in the inner plexiform layer of the tissue, cholinergic links existing in excitatory and inhibitory synaptic pathways and dopamine acting as neurotransmitter for a population of amacrine cells.
